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                \begin{document}$$K_L\rightarrow \pi \pi $$\end{document}$ decays have played already for almost 60 years an important role in particle physics and were instrumental in the construction of the standard model (SM) and in the selection of allowed extensions of this model. The three pillars in these decays are:The real parts of the amplitudes $\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \mathrm{Re}A_0&= 27.04(1)\times 10^{-8}~\, \mathrm{GeV}, \nonumber \\ \mathrm{Re}A_2&= 1.210(2) \times 10^{-8}~\, \mathrm{GeV}, \end{aligned}$$\end{document}$$ and expressing the so-called $\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} R=\frac{\mathrm{Re}A_0}{\mathrm{Re}A_2}=22.35. \end{aligned}$$\end{document}$$The parameter $\documentclass[12pt]{minimal}
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                \begin{document}$$K_L\rightarrow \pi \pi $$\end{document}$ decays, which is found to be $$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \varepsilon _K=2.228(11)\times 10^{-3}e^{i\phi _\varepsilon }, \end{aligned}$$\end{document}$$ where $\documentclass[12pt]{minimal}
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                \begin{document}$$K_L\rightarrow \pi \pi $$\end{document}$ decays measured to be \[[@CR1], [@CR4]--[@CR6]\] $$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \mathrm{Re}(\varepsilon '/\varepsilon )=(16.5\pm 2.6)\times 10^{-4}. \end{aligned}$$\end{document}$$Also the strongly suppressed branching ratio for the rare decay $\documentclass[12pt]{minimal}
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                \begin{document}$$K_L\rightarrow \mu ^+\mu ^-$$\end{document}$ and the tiny experimental value for the $\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} (\Delta M_{K})_\mathrm{exp} = 3.484(6) 10^{-15} \ \mathrm GeV =5.293(9)\text {ps}^{-1} \end{aligned}$$\end{document}$$were strong motivations for the GIM mechanism \[[@CR7]\] and in turn allowed one to predict not only the existence of the charm quark but also approximately its mass \[[@CR8]\].

While due to the GIM mechanism $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\varepsilon _K$$\end{document}$, $\documentclass[12pt]{minimal}
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                \begin{document}$$\Delta M_K$$\end{document}$ receive contributions from the SM dynamics first at one-loop level and as such are sensitive to NP contributions, the $\documentclass[12pt]{minimal}
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                \begin{document}$$\Delta I=1/2$$\end{document}$ rule involving tree-level decays has been expected already for a long time to be governed by SM dynamics. Unfortunately due to non-perturbative nature of non-leptonic decays precise calculation of the amplitudes $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{Re}A_2$$\end{document}$ do not exist even today. However, a significant progress in reaching this goal over last 40 years has been made.

Indeed, after pioneering calculations of short distance QCD effects in the amplitudes $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{Re}A_2$$\end{document}$ \[[@CR9], [@CR10]\], termed in the past an *octet enhancement*, and the discovery of QCD-penguin operators \[[@CR11]\], which in the isospin limit contribute only to $\documentclass[12pt]{minimal}
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                \begin{document}$$\Delta I=1/2$$\end{document}$ has been identified in \[[@CR12]\]. To this end an *analytic* approximate approach based on the dual representation of QCD as a theory of weakly interacting mesons for large $\documentclass[12pt]{minimal}
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                \begin{document}$$K\rightarrow \pi \pi $$\end{document}$ decays has a simple origin. The octet enhancement through the long but slow quark--gluon renormalisation group evolution down to the scales $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathcal {O}(1\, \mathrm{GeV})$$\end{document}$, analysed first in \[[@CR9], [@CR10]\], is continued as a short but fast meson evolution down to zero momentum scales at which the factorisation of hadronic matrix elements is at work. The recent inclusion of lowest-lying vector meson contributions in addition to the pseudoscalar ones and of NLO QCD corrections to Wilson coefficients in a momentum scheme improved significantly the matching between quark--gluon and meson evolutions \[[@CR17]\]. In this approach QCD-penguin operators play a subdominant role but one can uniquely predict an enhancement of $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathcal {O}(1\, \mathrm{GeV})$$\end{document}$ this enhancement amounts to roughly $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{Re}A_0$$\end{document}$, subject to uncertainties to which we will return below.

In the present era of the dominance of non-perturbative QCD calculations by lattice simulations with dynamical fermions, which have a higher control over uncertainties than the approach in \[[@CR12], [@CR17]\], it is very encouraging that the structure of the enhancement of $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{Re}A_2$$\end{document}$, identified already in \[[@CR12]\], has also been found by RBC-UKQCD collaboration \[[@CR18]--[@CR21]\]. The comparison between the results of both approaches in \[[@CR17]\] indicates that the experimental value of the amplitude $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{Re}A_2$$\end{document}$ can be well described within the SM, in particular, as the calculations in these papers have been performed at rather different scales and using a different technology.
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                \begin{document}$$R=16.0\pm 1.5$$\end{document}$, while the first lattice results for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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                \begin{document}$$R$$\end{document}$, even as high as its experimental value in ([2](#Equ2){ref-type=""}), could be obtained in lattice QCD in the future.

Presently the theoretical value of $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{Re}A_{0,2}$$\end{document}$ would give us two observables which could be used to constrain NP. Our paper demonstrates explicitly the impact of such constraints.

In this context we would like to strongly emphasise that, while the dominant part of the $\documentclass[12pt]{minimal}
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                \begin{document}$$\Delta I=1/2$$\end{document}$ rule originates in the SM dynamics, it is legitimate to ask whether some subleading part of it comes from much shorter distance scales and we can either exclude this possibility or demonstrate that this indeed could be the case under certain assumptions.

In what follows our working assumption will be that roughly $\documentclass[12pt]{minimal}
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However, the observation that the breakdown of GIM mechanism and the enhanced contributions of QCD-penguin operators could in principle provide the missing part of the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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It then turns out that a tree-level exchange of heavy neutral gauge boson, colourless ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$Z^\prime $$\end{document}$) or carrying colour ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$G^\prime $$\end{document}$), can provide a significant part of the missing piece of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{Re}A_0$$\end{document}$ but the couplings of these heavy gauge bosons to SM fermions must have a very special structure in order to satisfy existing constraints from other observables. Let us assume $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_{Z^\prime } (M_{G^\prime })$$\end{document}$ to be in the ballpark of a few $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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General structure {#Sec4}
-----------------

Let us begin our presentation with the general formula for the effective Hamiltonian relevant for $\documentclass[12pt]{minimal}
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Renormalisation group analysis (RG) {#Sec5}
-----------------------------------

With these results at hand we will perform RG analysis of NP contributions at the LO level.[1](#Fn1){ref-type="fn"} We will then see that the only operator that matters at scales $\documentclass[12pt]{minimal}
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### Preliminaries {#Sec8}
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On the other hand the calculations of short distance contributions to this ratio (Wilson coefficients of QCD and electroweak penguin operators) within the SM have been known already for 20 years at the NLO level \[[@CR42], [@CR43]\] and present technology could extend them to the NNLO level if necessary. First steps in this direction have been done in \[[@CR44], [@CR45]\]. As we have seen above due to the NLO calculations in \[[@CR47]\] a complete NLO analysis of $\documentclass[12pt]{minimal}
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In the SM all QCD-penguin and electroweak penguin operators in ([11](#Equ11){ref-type=""})--([14](#Equ14){ref-type=""}) contribute to $\documentclass[12pt]{minimal}
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The updated version of this formula used in the present paper is given as follows:$$\documentclass[12pt]{minimal}
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A very detailed analysis of these decays in a general $\documentclass[12pt]{minimal}
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A toy model {#Sec15}
-----------
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### Step 1 {#Sec16}
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### Step 3 {#Sec18}
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Scaling laws in the toy model {#Sec19}
-----------------------------
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Strategy {#Sec20}
--------

This discussion and an independent numerical analysis using the general formulae presented above lead to the conclusion that for the goals of the present paper it is sufficient to consider only the following two scenarios for $\documentclass[12pt]{minimal}
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### Scenario A {#Sec21}

This scenario is represented by our toy model constructed above. It provides a significant contribution to the $\documentclass[12pt]{minimal}
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### Scenario B {#Sec22}
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Preliminaries {#Sec24}
-------------

In order to proceed we have to describe how we treat parametric and hadronic uncertainties in the SM contributions, as this will determine the room left for NP contributions in the observables discussed by us.
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We would like to warn the reader that the SM values for various observables in Table [3](#Tab3){ref-type="table"} have been obtained directly by using CKM parameters from tree-level decays and consequently differ from SM results obtained usually from unitarity triangle fits that include constraints from processes in principle affected by NP.
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Yet, the requirement of strongly suppressed leptonic couplings implies that unless $\documentclass[12pt]{minimal}
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Numerical results {#Sec35}
-----------------

### Scenario A {#Sec36}
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These results can be summarised as follows:From dijets constraints the upper bounds can only be obtained for $\documentclass[12pt]{minimal}
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Putting all the factors together we conclude that $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$P$$\end{document}$ as high as $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$30$$\end{document}$--$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$35$$\end{document}$ is still possible at present and this is sufficient to reproduce the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta I=1/2$$\end{document}$ rule within $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$5$$\end{document}$--$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$10\,\%$$\end{document}$. Indeed taking all these bounds into account and using ([125](#Equ125){ref-type=""}) we arrive at the bound$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} P\le 32\left[ \frac{B_6^{(1/2)}}{1.0}\right] , \qquad (G^\prime )~. \end{aligned}$$\end{document}$$
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### Scenario B {#Sec37}

In the case of scenario B in the absence of the $\documentclass[12pt]{minimal}
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The RHS scenario {#Sec43}
----------------

We discuss next the RHS scenario as here the pattern of the NP effects differs from the LHS case. In this scenario NP in $\documentclass[12pt]{minimal}
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Summary and conclusions {#Sec45}
=======================

In the present paper we had two main goals:to investigate whether a subleading part of the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta I=1/2$$\end{document}$ rule, at the level of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$20$$\end{document}$--$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$30\,\%$$\end{document}$, could be due to NP contributions originating in tree-level FCNC transitions mediated by a heavy colourless gauge boson $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$Z^\prime $$\end{document}$ or an $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$SU(3)_c$$\end{document}$ colour octet of gauge bosons $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$G^\prime $$\end{document}$,to extend our previous analysis of tree-level $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$Z^\prime $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$Z$$\end{document}$ FCNCs in \[[@CR26]\] to the ratio $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\varepsilon '/\varepsilon $$\end{document}$ and as a byproduct to update the SM analysis of this ratio. This was in particular motivated by the rather precise value of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$B_8^{(3/2)}$$\end{document}$ obtained from QCD lattice calculations \[[@CR21]\] that governs the electroweak penguin contributions to $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\varepsilon '/\varepsilon $$\end{document}$.As the experimental value for the smaller amplitude $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{Re}A_2$$\end{document}$ has been successfully explained within the SM, both within dual representation of QCD as a theory of weakly interacting mesons \[[@CR17]\] and by QCD lattice calculations \[[@CR18]--[@CR21]\] we concentrated our analysis in the context of the first goal on the large amplitude $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{Re}A_0$$\end{document}$, which is by a factor of 22 larger than $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{Re}A_2$$\end{document}$ and its experimental value is not fully explained in these two approaches. In order to protect $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{Re}A_2$$\end{document}$ from modifications we searched for NP that would have the property of the usual QCD-penguins. They are capable of shifting upwards $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{Re}A_0$$\end{document}$ by an amount that at scales $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathcal {O}(1\, \mathrm{GeV})$$\end{document}$ is roughly by a factor of 3 larger than $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{Re}A_2$$\end{document}$ without producing any relevant modification in the latter amplitude up to small isospin breaking effects.

However, due to GIM mechanism the QCD-penguin contribution within the SM is not large enough to allow one within the dual approach to QCD to fully reproduce the experimental value of $\documentclass[12pt]{minimal}
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We identified a *quartic* correlation between the NP contributions to $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{Re}A_0$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\varepsilon '/\varepsilon $$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta M_K$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\varepsilon _K$$\end{document}$, which offers means for a more precise determination of the required properties of the neutral gauge bosons in question. Moreover, in order to stay within the perturbative regime for the couplings involved and explain the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta I=1/2$$\end{document}$ rule, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_{Z^\prime }$$\end{document}$ in scenario A has to be at most a few TeV so that these simple extensions of the SM can be tested through the upgraded LHC and rare decays in the flavour precision era.

As our first goal, termed scenario A, led to a fine-tuned scenario that could be ruled out one day, as a plan B, we have considered scenario B for both tree-level heavy neutral gauge boson exchanges and $\documentclass[12pt]{minimal}
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The SM contributions are evaluated including NLO QCD corrections.
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As mentioned in Sect. [5.2](#Sec25){ref-type="sec"} the complete exclusion of the grey area would require a more intensive study of points corresponding to larger values of $\documentclass[12pt]{minimal}
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A.J.B. would like to thank Bogdan Dobrescu, Maikel de Vries and Andreas Weiler for discussions on this issue.

We prefer to quote for the central value of $\documentclass[12pt]{minimal}
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The details of this analysis will be presented elsewhere.

The case of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\Delta _R^{qq}(G^\prime )=1.0$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$M_{G^\prime }=3.0\, \mathrm{TeV}$$\end{document}$ is ruled out by dijet data from CMS and direct comparison with $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$Z^\prime $$\end{document}$ for these parameters is not possible.

First of all we thank Maikel de Vries for providing the present bounds on the relevant couplings from the LHC and him and Andreas Weiler for illuminating discussions on the impact of LHC on our analysis. Next we would like to thank Matthias Jamin for updating the formula for $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\varepsilon '/\varepsilon $$\end{document}$ within the SM. The discussions on the LHC bounds with Bogdan Dobrescu, Robert Harris and Francois Richard are highly appreciated. This research was done and financed in the context of the ERC Advanced Grant project "FLAVOUR"(267104) and was partially supported by the DFG cluster of excellence "Origin and Structure of the Universe".
